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EXPERIMENTAL INVESmGAmoN CF HYDROUS PYROLYSIS OF DIESEL
FUEL AND THE EFFECT OF PYROLYSIS pRoDuas ON PERFORMANCE
OF THE CANDIDATE NUCLEAR WASTE REPOSITORY AT YUCCA
MOUNTAIN,

Kenneth J. Jackson and Susan A. Carroll, Earth Scimce Divisiom Lawrence
LiverrnoreNationalLaboratory,Livermore,CA

It is thought thata significantamount of dieselfueland otherhydrocarbon-rich

phases may remain insidethe candidate nuclear waste repositoryat Yucca

Mountain afterconstructionand subsequent emplacement of radioactivewaste.

Although theproposed repositoryhorizonisabove thewater table,therernnan

hydrocarbon phases may reactwith hydrothermal solutionsgeneratedby hi@t

temperatureconditionsthatwillprevailfora periodof time in the repository.
The preliminaryexperimentalresultsofthisstudy show thatdieselfuelhydrous

pyrolysisisrninirnalat20WC and 70bars. The compositionof the diesel fuel
remained constant throughout the experiment and the concentration of
carboxylicadds inthe aqueousphaseswas onlyslightlyabovethedetectionlimit
(1-2ppm) of the analytical technique.

INTRODUCITON

Undermost conditionsthat prevailat the earth’ssurface,many complexorganic
compounds are thermodynamically unstable, and decompose to simpler
compounds such as carbon dioxide, methane and water~. However, many of
theseorganic compoundspersistin nature over extensivetime periods,because
the kineticrates of theirbreakdownreactionsare =cadingly slow. It is assumed
that some of the organicmaterialintroducedto the candidatehigh-levelnuclear
waste repository during constructionwill remainsequesteredin the repository
after closure and will be available to react at elevated temperatures due to
radioactivedecay reactions.Althoughthe proposedrepositoryhorizonis above
the water table,it is easy to envisionscenariosinwhichdieselfuelwillbe diluted
by, mobilizedby, and reactedwithwater producedby dehydrationof repository
minerals and water mobilizedfrom partially saturated pores during the time
elevated temperatures prevail in the repository. Under these conditions of
elevatedtemperatureand in the presenceof water,manyorganiccompoundsare
known to break down at greatly accelerated rates. These hydrothermal
breakdownreactionsof organic com~un~ (i.e., hydrouspyIolysis)have been

observed to generate geochemicallyreactive species such as carboxylic aads2.
Additionally, the thermal degradation of organic compounds can impact the
oxidationstateof thesystem3~4.

Thepurpose of thisstudy is to experimentallyinvestigatethe rate of pyrolysisof
dieselfueland to identifymajorproduct phasesformedduringthe hydrothermal
destruction of this complex mixture of organic compounds. Diesel fuel was
chosenfor this study bemuse it is the single largest potentialsource of organic
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material in the repository (Meike, this volume). A major focus of this study is
production of carboxylic acids and other aqueous organic species as the diesel

fuel undergoes hydrous pyrolysis, because they could react with the sunounding
rocks causing changes in repository porosity, metal canister corrosion rates, or
waste form corrosion rates enhancing the mobility of radionuclide species.

EXPERIMENTAL METHODS

Thehightemperature pyrolysisexperimentswere run in Dickson-type,gold
bag autoclaves. In this apparatus, the reaction vessel comprises an

approximately 250 ml gold bag which iscapped with a commercially pure

titaniumhead.The TIhead isfittedwith a 11 or Au capillary-linedstainlesssteel
samplingtubethat allowsthe experimentto be sampledperiodicallyduring the
courseof the run at insifuconditions. During the runs, the samples contact only

Au and carefullypassivatedTl; minimizingthe likelihoodof catalysis. The Au
bag assemblyis insertedinto a stainlesssteel pressurecell that is filledwith de
ionizedwater, whichserves as the pressure medium. In turn, the pressure cell
assemblyis fittedintoa furnace,as describedby5.

At the start of the run, the Au bag was partially filledwith about 50 g of diesel
fuel and approximately50 g of distilledwater. The remainingspace above the
two liquidswas filled with high purity N2 gas after empiaang the Ti head
assembly.Afterthe reactionvesselwas loadedinto the pressure vessel,pressure
was graduallyincreased.Thisslowlycollapsedthe Au bag and expelledthe N2
gas in the head space leavingonly the two-phase mixture of liquiddiesel fuel
plus liquidwater in the reactionvessel.For the work reported in this study, the
reactionvessel was heated to 200 ‘C and held at a nominalpressure of 70 bars
throughoutthe experiment.Thistemperaturewas chosento acceleratereaction
rates so measurablereactionprogress could be achieved,and the pressure was
selectedto keepbothliquidphasesfromboiling.

Duringthe courseof the run, the solutionwas periodhlly sampledby bleeding
offa smallamount(usually1-2 g) of the experimentalcharge into*, gas-tight
syringesfittedwith a Teflonphmger.So that samplescouldbe drawn &omboth
of the liquidphases,the furnaceassemblywas rotated 180 degr= to access one
or the other phase by the sampling tube. The initial samples from both the
organic and aqueousportionsyieldedonly liquid,but later samples produced
two phasesbecausea gas phaseseparatedfrom the liquidas the samplecooled.
The gas was strippedfrom the liquidphase using a He gas -traction method6,
and the two fractionswere analyzedseparately. Liquidsamples were stored in
glass vials, and subsequently diluted in CS2 before analysis by gas
chromatography(GC). Liquidsample ~alysis W= done on a Hewlett pa-d
5890Series II GC equipped with a J&W DB-160m capillary column (ID= 0.25
mm witha 0.1 mm coating).A temperatureramp programwas run startingat 60
“Cfor 4 minutesand thenincreasedby 2 ‘C per minuteto 320 ‘C and heldat this
temperature for a total run time of 160 minutes. The detector was an FID
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Figure L Sample gas chromatographyof a typicaldieselfi.d sample.

maintained at about 375 ‘C. The 1 mL sample was split at a ratio of .100:1 and
the injectortemperaturewas heldat about300 ‘C. Fig. 1 shows a sampleanalysis
of thedieselfuelobtainedfromthereactionvesselat thebeghmingof therun.

After the gas extractionstep,gas sampleswerestoredin evacuatedstainlesssteal
cylinciersandsubsequentlyinjecteddirectlyinto a GCsample loop. Gas samples
were checkedfor air contaminationusingmass spectrographicanalysestogether
with the assumption that any Ar detected in the sample was the result of air
introduced during sample handling or during the gas extraction process.
Appropriate comctions were made to the measured abundance of gas species
based on presumed ideal gas behaviorof the componentsof the gas sample at
STP.

RESULTS
f

The prelimhry experimentalresultsof thisstudy showthat dieselfuelhydrous
pyrolysis is minimal at 2000C and 70 bars. Throughout the duration of the
experiment, GC analyses of the diesel fuel fraction remained essentially
unchangecLThe concentrationsof carboxylicadds in the aqueous phases were
only slightly above the detectionlimit (l-2 ppm) of the HPLC technique The
results of this study imply that numerous less abundant compounds are not
stable at 200°C. This is indicatedby the observed increase of several organic
compounds (including some short chain organic aads) in the aqueous phase



‘,

4, . . . 1 I 1 I s 1 1

A4
o

eil-
0

mm-
2 -

0

-e
-2 -=

x
A
Q

-4 -;

❑

+

-6
1

Ford (1986)
Ihbuss et A (1962)
Voge aad Good (1949)
Fabass et A (1964)
Tilchev ●nd Zimina (19S61
Dose and Guiochon (1968)
Paschertkov and Baranov (19!W
Groeaeadyk et A (1970)
Jackeon et al. (1992)

1..,.1.’”’’’”’”’’’’”’’’” ““’’’’*”’.
. . 1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

103/T (K1,

Figure ~ -te constants (k) for the thermal breakdown Of n-hexadecane as a

function of inverse temperature. References: Ford7, Fabuss et al.s, Voge and
Goo#, Fabuss et al.lo, Tilcheev and Zhninall, Doue and Guiochon12~13,
Panchenkovand Baranov14,Groenendyket aL15,Jacksonet aL6.

throughoutthe course of the experiment.Many of the aqueous organic species
have not yet been identified,but their progressive enrichment in the aqueous
phase clearly points to the thermal degradation of larger organic compounds in

the diesel fuel. Additionally, the observed generation of carbon dioxide (and
variousgaseoushydrocarbons)in the systemtogetherwith the increasedaadity
of the aqueous solution confirm the hypothesis that thermally driven
decompositionreactionsare occurringin thesystem.

Althoughthere is little quantitativeAormation aboutthe pyrolysisof complex
mixtures like diesel fuel, there is an abundance of experimental information
about the thermal stability of some individual hydrocarbon species. A major
single componentof the diesel fuel used in this work, n-hexadecane, is among
thoseextensivelyinvestigatedcompounds@lg. 1). Theref&e,we use this data to
estimate the long-term degradation of diesel fuel at likely repository
temperatures. The first order rate constants determined for the thermal
breakdownof n<16 are plottedas a functionof inversetemperature @lg. 2). As
is shownin Fig. 3, degradationratesgeneratedfromthe data in Fig. 2 m be
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Figure 3. Hexadecane concentration (relative to the original hexadecane
abundance Co) decreases as a functionof time at elevated temperatures. Data
are from Jacksonet al. (19$@ and CUrVeSare generatedusing @@aPolated rate
constantsgeneratedfromthelinearfit inFig. 2

used to describethe rate of disappearanceof n-C16 as a functionof time. If this
approach is extrapolated to lower T and assumed to be applicableto other n-
hydmdxms (whichcomprise theb~ Of di~ fuel)~itcan ~ shown tit We

shouldnot expect to see measurabledecreasein n-hydrocarbonabundanmover
the durationof our experiment(Hg- 4)=~ addition~this aPP~* irnPliestit
hydrocarbonspeciesmay be quitestable for extendedperiods in the repository
system if temperatures remain somewhat lower than 200 “C. Impliat in this
approachis the assumptionthat there,is no changein reactionmechanism over

theextrapolatedtemperaturerange. ‘

FUTURE STUDY
Based on our initial results, we will design a set of detailed experiments to
investigateselected rock-water-orgafic interactions.Specificreaction products
identifiedin thepreliminaryphaseof the studywillbe usedin these~~
to isolate the most important physical and chemical parameters and reaction
mechanismscontrollingtheseinteractions.It is importantthat theseexperiments
be performed with individual organic compounds in order to accurately
interpret the data and to enable extrapolation of experimental results
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Figure 4. Hexadecaneconcentrations(relativeto Co) decreases as a functionof
time at elevated temperatures generated using extrapolated rate constants
generatedfromthelinearfitin Fig.2

to repository conditions. Diesel fuel is a highly complex and varhble organic
substance. As such, experiments made directly with diesel fuel and the

repository rock will be too complicated and ambiguous for performance
~ent analysis.It is alsodesirableto performtheseexperimentswith single
mineralphasesfoundin the TopopahSpringstuff to isolatethe most important
phases involved in the reactions. Minerals, especially clays, are known to
catalyzecertainpyrolysisreactions.Thisfact pointsout the potentialfor coupled
interactionsforminga complex feed-backloop, becausethe mineralsaccelerate
the breakdownof the diesel fuel to 9ther organic compounds that may then
dissolvethemor causetheprecipitationof additionalminerals.

Thisworkwas performedunderthe auspicesof theU.S.Departmentof Energy
by LawrenceLiver’moreNationalLaboratoryunderContractW-740Hng-48.
Preparedby YuccaMountainSiteCharacterizationProject(YMSCP)pardapants
as part of theCivilianRadioactiveWaste ManagementProgram. YMSCPis
managedby theYucca MountainSiteCharacterizationProjectOfficeof the US
Dept.ofEnergy,Las Vegas,Nevada.
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